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ORIGINAL ARTICLE
Sauropus androgynus (SA), a member of the euphor-
biaceae family, has been consumed as a highly
nutritious food, widely distributed in high-
temperature and humid regions like Malaysia,
Indonesia, Southwest China and Vietnam. It is
recorded as a tropical vegetable by the United States
Department of Agriculture.1 It is a cheap source
of dietary proteins and has earned the name of
multigreen for its high vitamin content.2,3 Chemical
constituents from SA extract have been identi-
fied, such as lignans including (+)-isolariciresinol 
3α-O-β-glucopyranoside, (–)-isolariciresinol 3α-
O-β-glucopyranoside, (+)-syringaresinol and di-O-
β-glucopyranoside; megastigamans; nucleosides;
and flavonol glucosides including two diosides: 3-
O-β-D-glucosyl-7-O-α-L-rhamnosyl-kaempferol and
3-O-β-D-glucosyl-(16)-β-D-glucosyl-kaempferol,
and one rare trioside: 3-O-β-D-glucosyl-(1 6)-
β-D-glucosyl-7-O-α-L-rhamnosyl-kaempferol.4,5
An outbreak of obstructive pulmonary disease
occurred in people who had heavily consumed the
raw juice of SA over a long period in Taiwan.6–8
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Asia. But as has been reported, SA-associated obliterative bronchiolitis can develop after taking SA for
more than 3 months. Lung transplantation was carried out in severe cases.
Methods: To study the toxic effect, we separated the SA extract into three parts, namely CHCl3, EtOAc 
and n-BuOH fractions, using polarity dissection. NIH3T3 fibroblasts were treated with the SA fractions
300 µg/mL and subjected to a series of cytotoxic assays.
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fraction-treated cells.
Conclusion: Our results indicate that necrosis and apoptosis are involved in the toxic effect of SA in
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In 60.7% of 178 intoxicated patients, they had
generally consumed up to 150 g of SA on a daily
basis as raw juice for various periods of time.9
After cumulative ingestion of more than 3000 g
of SA, obstructive ventilatory defects developed
in 40% of the patients.10 In some cases, less than
1200 g of accumulative SA consumption evoked
symptoms in patients. The patients still suffered
from difficulty in breathing even after ceasing con-
sumption over a long period of time. Although
there were some cases of mortality, most patients
developed chronic respiratory failure. These patho-
logic changes are most likely to be related to seg-
mental ischemic necrosis of the bronchi at the
water-shed zone of bronchial and pulmonary
circulation.11 The necrotic zone indicates fibrosis
and atrophy of cartilage, fibroblasts, and smooth
muscle cells.
Necrosis is regarded as a passive response to
extremes of environmental stimuli, such as heat
and ultraviolet light, and is characterized by cyto-
plasmic swelling, rapid loss of plasma membrane
integrity, and cell lysis.12 It has been documented
that the mode of cell death may be dependent on
the cell type, the concentration of stimulus em-
ployed, and its environmental setting.13 Apoptosis,
however, is a well-defined programmed response
that results in morphologic and biochemical
changes, such as cell shrinkage and condensation
and fragmentation of nuclear materials.14
Under pathologic conditions, apoptosis and
necrosis may often coexist in vivo.15 Molecular
switches between apoptosis and necrosis include
adenosine triphosphate-dependent steps in the
activation of caspases or steps sensitive to reactive
oxygen/nitrogen species.16 There are more than
six factors identified to switch the death pathway
between necrosis and apoptosis. (1) High levels
of ATP enable cells to undergo apoptosis, while
low ATP levels shift cell death toward necrosis.17,18
(2) Fibroblasts from PARP-1 deficient mice are
protected from ATP depletion and necrosis but
not from apoptotic cell death.19 (3) Mitochondria
permeability transition (MPT) is the common
factor in ischemia/reperfusion that initiates both
apoptotic and necrotic cell killing.20 (4) Removal
of Ca2+ from medium protects cells from necrosis
induced by starvation and anoxia.21 (5) Oxidized
sterols induce necrosis in fibroblasts, but apop-
tosis in endothelial and smooth muscle cells.22
(6) In mice, without Apaf-1 or caspase-3/caspase-9,
apoptotic cell death during development switches
to necrosis.23 In addition, flow cytometric identi-
fication and quantification of apoptotic or necrotic
cells are based on the analysis of a particular bio-
chemical or molecular feature that is characteristic
for either necrosis or apoptosis.24,25
Studies of SA have been focused on the toxic-
ity in clinical use and pathologic biopsy of the
lung. To date, there have been few studies on 
the identification of the major components and
their mechanisms involved in obstructive lung
disease. In the present study, we separated the SA
extract into three fractions by polarity dissection.
According to a previous report, the components
in the CHCl3 fraction are non-polar and lipid
soluble; components in the EtOAc fraction are
less polar; and components in the n-BuOH frac-
tion are polar, containing some flavonol gluco-
sides.5 Fibroblastic NIH3T3 cells were employed
to investigate the characteristics of the partial 
purified SA fractions in vitro. The intoxication
mechanism at the cellular level was studied using
a series of cytotoxic assays. The various delete-
rious effects of the fractionized SA extract may 
be attributed by the unidentified components 
in different fractions of SA. In the experiments,
we demonstrated that necrosis, apoptosis and 
a mixed type appeared in NIH3T3 cells treated
with CHCl3, n-BuOH and EtOAc fractions of 
SA extract, respectively.
Methods
Cell culture
NIH3T3 cells were cultivated in Dulbecco’s 
modified Eagle’s medium (DMEM) supple-
mented with 10% fetal bovine serum and 1%
penicillin/streptomycin (10,000 U penicillin/mL
and 10 mg/mL streptomycin) at 37°C/5% CO2.
The experimental medium was changed with 4%
fetal bovine serum, and then treated with camp-
tothecin (Sigma Chemical Co., St Louis, MO, USA)
or the SA extract.
SA extract preparation
The fresh aerial young leaves and stalks (6.5 kg)
of S. androgynus (L.) Merr were harvested from
Southern Taiwan and mixed with 95% EtOH for
3 days. After centrifugation and evaporation, an
oily residue (309 g) was obtained. The EtOH ex-
tract was sequentially fractionized into CHCl3,
EtOAc and n-BuOH fractions,5 followed by con-
centration and evaporation to dryness in vacuum.
Yields of three fractions were 83 g (CHCl3 solu-
ble), 1.42 g (EtOAc soluble) and 7.95 g (n-BuOH
soluble). Organic solvent-insoluble fraction was
the leftover in the extraction procedure.
MTT assay
Cells were plated at a density of 1.5 × 103 cells/
well into 96-well plates, treated with SA fractions
for 0–72 hours, followed by incubation with MTT
dye for 4 hours.26 The supernatant was removed,
and DMSO was added to dissolve the resulting
formazan residue. Formation of formazan was
detected by optical density at 570 nm using a
Vmax Microtiter Plate Reader (ELX800; Bio-Tek
Instruments Inc., Winooski, VT, USA).
Cell cycle analysis
NIH3T3 cells grew in 10 cm2 dishes to 70–90%
confluence, incubated with fresh medium contain-
ing SA fractions for 0–72 hours. Cells were har-
vested and the supernatant medium was included
in the analysis. Cells were fixed in 100% ice-cold
ethanol and were stored at −20°C overnight. Fixed
cells were treated with 1 mL of phosphate-buffered
saline (PBS) buffer containing 0.5% Triton X-100
and 0.5 µg/mL RNase A for 30 minutes, then
added with 1 mL of 50 µg/mL propidium iodide
(PI in PBS) for 30 minutes at room temperature.
Nuclei were stained, illuminated as DNA-PI fluo-
rescence, detected by Becton Dickinson FACScan
flow cytometry at 488 nm for excitation and
through a 585/42 band pass filter for emission.27
Ten thousand events were collected from each
sample. CELLQuest software, version 3.1 (Becton
Dickinson, Franklin Lakes, NJ, USA), was used
for data acquisition.
Cytochemical staining
The cover slip was placed on a 60 mm petri dish,
and then cells (2×106) were seeded. After 24 hours,
10% fetal bovine serum in DMEM was reduced
to 4%. Cells were harvested after treatment with
SA fractions for 0–72 hours. The medium was 
removed from the dish, and the monolayer was
washed twice with PBS. Two milliliters of 25%
glacial acetate and 75% methanol were added
and incubated for 10 minutes at room tempera-
ture. The cell monolayer was washed a further
three times, added to 1 mL of Hochest dye solu-
tion and incubated at room temperature in the
dark for 10 minutes, followed by three courses of
washings with distilled water. Blue fluorescence
was detected between excites at 360 nm and emits
at 490 nm using a Nikon microscope. Brightly
stained condensed chromatin was detected in
apoptotic cells.
DNA fragmentation
NIH3T3 cells (5 × 105 cells/mL) were harvested,
washed by PBS, and then lysed by a digestion
buffer containing 0.5% sarkosyl, 0.5% mg/mL
proteinase K, 50 mM Tris (hydroxymethyl) amino-
methane (pH 8.0), 10 mM EDTA at 56°C for 
3 hours and treated with RNase A (0.5 µg/mL) for
another 2 hours at 56°C. The DNA was extracted
by phenol/chloroform/isoamyl (25/24/1) before
loading and analyzed by 1.5% agarose gel elec-
trophoresis. The agarose gels were run at 50 volts
for 120 minutes in TAE (Tris-borate/EDTA elec-
trophoresis buffer). Approximately 20 µg of DNA
was loaded into each well and visualized under
UV light and photographed.
Flow cytometry and annexin V/PI analysis
FITC-annexin V/PI-double staining of PS and 
cellular DNA was performed as described.28 After
washing with PBS, 2×106 cells were resuspended in
100 µL of annexin V/PI solution. The mixture was
incubated for 15 minutes in the dark on ice and
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was then analyzed by flow cytometry in a manner
similar to that used for cell cycle analysis.29,30
Statistical analysis
Data are expressed as mean ± standard deviation
unless otherwise specified. Student’s t test was used
to analyze individual differences.
Results
SA fractions cause a dose- and 
time-dependent decrease in cell survival
SA extract was fractionized into three parts in-
cluding CHCl3, EtOAc and n-BuOH fractions by
polarity dissection (Figure 1). Fibroblastic NIH3T3
cells were introduced as an in vitro model to in-
vestigate the characteristic of partial purified SA
fractions. NIH3T3 cells were treated with 100–
300 µg/mL of SA fractions for 0–48 hours. The
number of live cells was determined by MTT as-
says. Inhibition of cell viability was concentration-
dependent (Figure 2). The IC50 of n-BuOH and
CHCl3 fractions was 144 µg/mL and 58 µg/mL,
respectively. EtOAc fraction exerted an IC50 as low
as 13µg/mL. Three hundred micrograms per milli-
liter of SA fractions caused potent inhibition of
NIH3T3 cell viability. In the time-dependent study,
viability of NIH3T3 cells was < 6% of control after
cells were exposed to EtOAc fraction for 48 hours
(Figure 3). The EtOAc fraction appeared to be the
most lethal over CHCl3 and n-BuOH fractions.
The n-BuOH fraction only inhibited 14% of cell
growth after 24 hours of incubation while pre-
senting a 69% inhibition after 48 hours of incu-
bation. The CHCl3 fraction inhibited 41% of cell
growth at 24 hours, while a 77% inhibition was
observed at 48 hours. However, the cytotoxicity
of the CHCl3 fraction decreased when the fraction
was stored at 4°C for 1 week. It may be due to the
unstable ingredients in the fraction, resulting in
attenuation of the activity.
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Sauropus androgynus 6.5 kg
EtOH extract (307 g)
CHCI3 layer
(83.00 g)
EtOAc layer
(1.42 g)
n-BuOH layer
(7.95 g)
Suspended in H2O
1. CHCI3 (1L × 3)
2. EtOAc (1L × 3)
3. n-BuOH (1L × 3)
EtOH 95%
Figure 1. Extraction and isolation of Sauropus androgynus
(SA). The fresh aerial part (6.5 kg) of S. androgynus (L.)
Merr. was ground portion wise with 95% EtOH by a 
5 L-blender, and the supernatant was collected after cen-
trifugation. The EtOH extract (307 g) was resuspended 
in 1 L of water and successively partitioned with CHCl3,
EtOAc and n-BuOH to yield fractions.
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Figure 2. Concentration-dependent effect of Sauropus
androgynus (SA) extract on NIH3T3 cell viability. Control (),
CHCl3 (), EtOAc () and n-BuOH () fractions of SA extract
(100–300µg/mL) were added to NIH3T3 cells for 48 hours.
Cell viability was detected by the MTT assay. Data are pre-
sented as mean ± standard error for six determinations.
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Figure 3. Cytotoxicity of Sauropus androgynus (SA) extracts.
NIH3T3 cells were treated with 300 µg/mL of CHCl3 (),
EtOAc () and n-BuOH () fractions of SA extract for 0–48
hours. Cell viability was detected by the MTT assay. Data are
presented as mean ± standard error for six determinations.
Effect of SA fractions on cell cycle
Flow cytometric analysis showed that NIH3T3 cells
underwent G1, S and G2 progression and were 
affected when cells were treated with different frac-
tions of SA extract for certain amounts of time
(Figure 4). Cells incubated with CHCl3, EtOAc
and n-BuOH fractions of 300 µg/mL, respectively,
for 24 hours caused different levels of accumula-
tion of PI fluorescence in the sub-G1 population.
Deficits of DNA content in apoptotic cells were
often recognized by the appearance of the sub-
G1 phase on DNA content histograms when cells
Apoptosis and necrosis induced by SA extract
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Figure 4. Cell cycle analysis of
NIH3T3 cells treated with
Sauropus androgynus (SA) 
extract. Cells were stained with
propidium iodide after 24 or 48
hours’ exposure to 300 µg/mL of
DMSO, CHCl3, EtOAc and 
n-BuOH fractions of SA extract
and analyzed by flow cytometry.
Distribution of vehicle or SA frac-
tion treated cells are shown in
the DNA histogram. Cell popula-
tions in different phases of cell
cycle progression were gated by
cell quest. Percentage of apop-
totic cells was measured as sub-G1
content of the histogram.
were stained with a DNA-specific fluorochrome.
When cells were treated with EtOAc and n-BuOH
fractions for up to 48 hours, there was a marked
increase in PI fluorescence in the sub-G1 area of
the histogram, suggesting the induction of large
amounts of DNA fragmentation.
The ratio of G1 population in cell cycle pro-
gression increased when cells were treated with
CHCl3, EtOAc or n-BuOH fractions of SA extract
for 48 hours. It may be caused by G1 arrest or
more cell death at the S and G2/M phase. Flow
cytometric analysis demonstrated the compar-
atively toxic activity of EtOAc fraction among
three fractions in NIH3T3 cells. These results of
FACS analysis are consistent with the levels of
growth inhibition. However, it does not answer
the cause of cell death through apoptosis or
necrosis.
Modes of cell death in response to different
fractions of SA extract
NIH3T3 cells were cultured in 4% DMEM
medium. Adding SA fractions led to sequentially
morphologic changes. Typical condensation of the
nucleus and chromatin appeared after cells were
treated with camptothecin 10 µg/mL for 48 hours
as a reference. Condensed DNA was observed
when cells were treated with EtOAc and n-BuOH
fractions of 300 µg/mL (Figures 5D and 5E).
Treatment with CHCl3 fraction of 300 µg/mL ex-
hibited less nuclear condensation than treatment
with the other two fractions (Figure 5C). Owing
to blue spots occasionally observed in the cyto-
plasm of cells treated with SA fractions, we cannot
exclude the possibility of contamination like my-
coplasma and changes in cell susceptibility to SA
fractions at this point. However, it at least shows
S.F. Yu, et al
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Figure 5. Morphologic changes induced by Sauropus androgynus
(SA) extract. NIH3T3 cells were treated with: (A) 1% DMSO; (B)
10µg/mL camptothecin; (C) 300µg/mL CHCl3 fraction; (D) 300µg/mL
EtOAc fraction; (E) 300 µg/mL n-BuOH fraction for 48 hours and
stained with Hoechst 33258. Cells were detected by fluorescence
light microscopy at 360 nm/470 nm excitation/emission (400×).
that EtOAc and n-BuOH fractions may induce an
apoptosis-related pathway, resulting in NIH3T3
cell death.
Induction of apoptosis by EtOAc and 
n-BuOH fractions
Caspase-activated DNase (CAD) is the major endo-
nuclease during apoptosis to target internucleo-
somal DNA, causing extensive DNA fragmentation.
Physiologic cell death is characterized by apoptotic
morphology, including chromatin condensation,
membrane blebbing, internucleosomal degrada-
tion of DNA and apoptotic body formation. In
each case of nucleosomal DNA ladders, typical
apoptosis was visible on agarose gels after stain-
ing with ethidium bromide. In the treatment of
NIH3T3 cells with CHCl3, EtOAc and n-BuOH frac-
tions of 300 µg/mL for 0–72 hours, the genomic
DNA was subjected to agarose gel electrophoresis.
A clear DNA fragmentation ladder was observed
in the lanes of EtOAc and n-BuOH fraction-treated
cells (Figures 6B and 6C). This indicates that EtOAc
and n-BuOH fractions induce genomic digestion
over time. In contrast, cells treated with CHCl3
fraction for 0–72 hours did not present internu-
cleosomal DNA fragmentation (Figure 6A). The
level of internucleosomal DNA fragmentation
induced by EtOAc fraction was consistent with
the most potent cytotoxicity of EtOAc fraction
among the three fractions of SA extract.
Distinguishing apoptosis from necrosis
induced by SA fractions in NIH3T3 cells
Viable cells maintain an asymmetric distribution
of different phospholipids between the inner and
outer leaflets of the membrane. Annexin V inter-
acts specifically with phosphatidyl serine and is
used for detection of apoptosis by targeting for
the loss of membrane asymmetry. PI has been
displayed as binding strongly to DNA double
helix. Apoptosis was observed by treating with
fluorescein isothiocyanate (FITC)-labeled annexin
V, and necrosis was detected by dye exclusion of PI.
To quantify the level of induction in the annexin
V-positive apoptotic and PI-positive necrotic cells,
flow cytometric analysis was applied using a sin-
gle cell suspension preparation method. Flow cyto-
metric analysis of annexin V and PI labeling was
used to differentiate apoptosis from necrosis in
SA fraction-treated NIH3T3 cells. The cytograms
in Figures 7A–D show the bivariate annexin V/PI
analysis of the untreated cell suspension in com-
parison to the cells treated with partially purified
fractions of SA extract (Figures 7E–7H). Vital cells
are negative for both annexin V and PI, located at
LL (lower left); apoptotic cells are annexin V posi-
tive and PI negative, scattering to LR (lower right);
necrotic cells are annexin V negative and PI posi-
tive, scattering to UL (upper left); while dead cells
are positive for both annexin V and PI, spreading
in UR (upper right). After 48 hours of exposure
Apoptosis and necrosis induced by SA extract
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Figure 6. DNA ladders were analyzed by agarose gel electrophoresis. Cells were treated with CHCl3 fraction of 300 µg/mL
for 0–72 hours. (A) DNA smearing was detected from 24 to 72 hours. DNA extracts of cells treated with 300 µg/mL of
(B) EtOAc fraction or (C) n-BuOH fraction were analyzed in parallel. DNA fragmentation was detected from 12 to 
48 hours.
to camptothecin, the number of apoptotic cells
dramatically increased from 3% to 89% (Figure
7E). When cells were treated with the CHCl3 frac-
tion for 48 hours, 99% of cells were distributed
over the UL area (Figure 7F). When cells were ex-
posed to the EtOAc fraction, most cells scattered
to the UR area (Figure 7G), whereas most n-BuOH
fraction-treated cells spread to the LR area (Figure
7H). Bivariate analysis of the cytogram is appli-
cable to differentiate and quantify necrosis and
apoptosis occurring in cells treated with different
fractions of SA extract.
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Figure 7. Bivariate dot plot of NIH3T3 cells treated with
Sauropus androgynus (SA) fractions. Cells were treated
with: (A–D) DMSO as control; (E) 10 µg/mL camp-
tothecin; (F) 300 µg/mL CHCl3 fraction; (G) 300 µg/mL
EtOAc fraction; (H) 300 µg/mL n-BuOH fraction for 48
hours, followed by annexin V–propidium iodide double
staining. Distribution of apoptotic, necrotic and vital cells
was analyzed by FACScan flow cytometry.
Discussion
Since most studies of SA have been focused on
pathologic changes in the respiratory tract and
lung tissue,6,7,9,31 the cytotoxic mechanism of SA
remains unclear. We therefore investigated the cyto-
toxicity caused by SA extract in vitro in the present
study. NIH3T3 fibroblast cells, usually displaying
highly diverse adhesion properties, were employed
to examine if necrosis or apoptosis occurred at the
cellular level in the presence of the fractionized SA
extract. Several studies have investigated the role
of airway epithelial tight junctions in the develop-
ment of chronic disease.32 NIH3T3 cells are orig-
inated from mouse embryonic fibroblastic cells
localized at the cell cortex and adhesion regions,33
and can provide an in vitro study model.
We have examined the chemical properties of
SA extract, and found that SA extract is unstable
under long-term storage. More than 50% of the
SA extract decomposed with time at room tem-
perature using TLC analysis, consistent with de-
creased cytotoxicity in NIH3T3 cells. Meanwhile,
we did not detect the existence of papaverine con-
stituent in SA extract through high-performance
liquid chromatography analysis (data not shown),
although there have been reports of a high level
of papaverine in SA.2,3 On the other hand, SA has
been reported to contain three flavonol gluco-
sides in BuOH-soluble EtOH extract, including
two flavonol diosides identified as 3-O-β-D-gluco-
syl-7-O-α-L-rhamnosyl-kaempferol and 3-O-β-D-
glucosyl-(16)-β-D-glucosyl-kaempferol, and a
rare flavonol trioside 3-O-β-D-glucosyl-(16)-
β-D-glucosyl-7-O-α-L-rhamnosyl-kaempferol.5
The flavonoid 3-O-β-D-glucosyl-(16)-β-D-
glucosyl-kaempferol presents a reduction of
body weight gain in Wistar rats.34
Three parts of SA extract, including CHCl3,
EtOAc and n-BuOH fractions, apparently display
distinguishable cytotoxic effects. The CHCl3 frac-
tion induces NIH3T3 cell necrosis, implying that
the outbreak of bronchiolitis obliterans evoked
by SA ingestion might be caused partly by severe
respiratory cell necrosis. After taking raw SA, some
people developed respiratory distress symptoms
due to an increased expression of interleukins in
bronchoalveolar lavage fluid, as well as increased
concentration of tumor necrosis factor-alpha (TNF-
α), one of the fibrogenic cytokines,35 in the sera of
patients with SA-associated constrictive bronchi-
olitis obliterans.7,8 Segmental necrosis of small
bronchi has been reported in the airways of SA-
associated lung disease11 and a spectrum of inflam-
matory fibrotic changes in the bronchioles has also
been observed. Some chemical-treated cells induce
oxidative stress to produce reactive oxygen species,
resulting in fragmentation of DNA.36 SA extract
is a complicated mixture containing high levels of
oxidants that may be one of the etiologic factors
in the development of SA-induced bronchiolitis
obliterans37 and chronic obstructive pulmonary
disease.11 Local tissue damage may be amplified
by subsequent release of intracellular enzymes and
lysosomal content, resulting in the recruitment of
inflammatory cells to the site of injury, causing fur-
ther necrosis of the surrounding tissues. Similar
events were observed in SA extract-treated NIH3T3
cells where chromatin dysfunctions such as single-
or double-stranded DNA fragmentation occurred,
perhaps leading to cell death through necrosis 
or apoptosis. Necrotic cells have fewer DNA
strand breaks, and in some instances of necrosis, 
DNA fragmentation may be indistinguishable from
apoptotic cells.28 When ATP is depleted, apoptosis
stops progressing, and the proapoptotic signals
turn out to induce necrotic cell death. It is a so
called switch from necrosis to apoptosis medi-
ated by ATP supply.20 Glucose depletion affects
both the production of ATP by glycolysis and the
supply of substrates to the mitochondria, causing
segmental ischemic necrosis of the bronchi.11
Cells treated with CHCl3 fraction exhibit not
only random DNA fragmentation but also a series
of cell death markers such as slight elevation of
cell cycle sub-G1 population, morphologic changes
and DNA smearing. In fact, morphologically necro-
tic changes occur in the cells treated with either
CHCl3 or EtOAc fraction. Bursting of the plasma
membrane abruptly ends the metastable period
and may cause onset of necrotic cell death in
NIH3T3 cells exposed to CHCl3 or EtOAc fraction.
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In contrast, NIH3T3 cells exposed to n-BuOH frac-
tion has led to typical apoptotic chromatin con-
densation and nuclear fragmentation, detected by
Hoechst staining.
Flow cytometric analysis demonstrates that
NIH3T3 cells are largely inhibited from entering
G0–G1 when cells are treated with EtOAc and 
n-BuOH fractions, according to up to 77–92%
cell population undergoing cell death in sub-G1.
Certain unclear oxidative ingredients of SA ex-
tract might be involved in cell growth inhibition.
Incomplete DNA repair in conjunction with in-
creased intracellular oxidative stress reduced intra-
cellular GSH levels and increased cytotoxicity.38
Large amount of cell death gives rise to complete
derangement of cell cycle progression. The higher
percentage of the G1 phase cells may be caused
by G1 arrest or more cell death at the S and G2/M
phase after treatment with EtOAc or n-BuOH frac-
tion for 48 hours. Instead, CHCl3 fraction treat-
ment has only a small population of fragmented
DNA accumulation in the sub-G1 phase. It is again
revealing the distinguished mechanism induced
by CHCl3 fraction in NIH3T3 cells, perhaps in
part associating with ischemic necrosis of respi-
ratory tract tissues in patients receiving raw SA.
Bivariate annexin V/PI analysis of the cytogram
in our experiments is the most important evidence
to claim that either necrosis or apoptosis induced
in NIH3T3 cells depends on the treatment with
different fractions of SA extract. In previous stud-
ies, only necrosis-related pathologic changes were
reported in cartilage, bronchial glands and smooth
muscle cells.11 However, apoptosis was clearly ob-
served in cells treated with the n-BuOH fraction
in vitro. The intermediate fraction, EtOAc fraction,
containing the activity in between, presents both
necrosis and apoptosis in the in vitro study. To
understand the molecular basis of necrosis and
apoptosis evoked by various SA fractions, further
studies are required. In addition, searching for the
unknown constituents in SA extract responsible
for weight loss will be very interesting. If the ef-
fective constituents can be separated from the toxic
ones, it would be of clinical value in anti-obesity
in the future.
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